(Baas et al., 2003). As expected, cells expressing any of the three versions of LKB1 remained unchanged in terms of morphology, cell cycle progression, or apoptosis when STRAD expression was not induced (data not shown). As demonstrated in
, several clones were identified for each of the combinations. Figure 1B represents a Western blot analysis of the induction of STRAD in one of the LKB1-expressing clones. Expression of STRAD was visible within 3 hr after induction. After 12 to 24 hr, LKB1 protein started to accumulate. This was a consequence of protein stabilization, mediated by STRAD, since mRNA levels were unaffected upon induction ( Figure 1A ).
Confocal analysis confirmed that LKB1-WT, as well as LKB1-SL26, were predominantly nuclear before induction. The induction of STRAD, itself expressed throughout the cell in the absence of LKB1, led to cytoplasmic translocation of LKB1-WT, but not of the LKB1-SL26 mutant. Movies of GFP-tagged LKB1 which visualize the STRAD-induced translocation and stabilization in both LS174T and DLD-1 cells are provided as Supplemental Movie S1 available at http://www.cell.com/cgi/ content/full/116/3/457/DC1. Figure 1A) . Upon STRAD induction, no changes were noted in morphology or growth chadetectable ( Figure 1B ), actin caps were already appearing at significant levels. The presence of the cap racteristics in any of the clones (data not shown). In selected STRAD-inducible clones, stable transfectants coincided with STRAD-dependent cytoplasmic translocation of LKB1 ( Figure 3A, arrowheads) . The large majorwere generated expressing either LKB1-WT (myctagged or GFP-tagged), or the mutant LKB1-SL26 (mycity of cells responded by 6 hr. Percentages of cells with actin caps were determined at 0, 3, 6, and 24 hr and tagged). LKB1-SL26 was originally isolated from a PJS family (Hemminki et al., 1998). It encodes a version of are given as a bar diagram in Figure 3C . Induction of STRAD in the LKB1-SL26 transfectants did not lead to LKB1, which contains an intact kinase domain, but carries a 9 base-pair in-frame deletion C-terminal to the the formation of actin caps ( Figure 3B ). The hairy aspect of the actin caps as visualized by kinase domain that abrogates the interaction with STRAD 
Activation of LKB1 Reorganizes the Actin Cytoskeleton and Induces the Formation of a Brush Border We noticed that the induction of STRAD in cells expressing LKB1-WT led to the retraction of cell extensions within hours of induction (Figure 2A
)
Activation of LKB1 Induces Polarity in Cell Suspension
To assess whether polarity could be induced independently of contact to a solid support, LS174T-W4 cells were carefully released from culture dishes by EDTA treatment and resuspended as single cells in culture medium. After addition of doxycyclin, the cells were cultured for 4 hr with regular swirling of the tubes to prohibit reattachment of the cells to the plastic. Cytospin preparations were stained for actin, villin, and CD66. Actin caps costaining for villin and CD66 were found to be induced by doxycyclin treatment in this culture system (Supplemental Figure S1 available on the Cell website). We concluded that polarity could be imposed by LKB1 and STRAD in the absence of contact to a solid support. Figure 7A ). The plasmid construct was termed pTERactin cap structure is provided as Supplemental Movie LKB1. Caco-2 cells were stably transfected with pTER-S3 available on the Cell website. Not all junctional com-LKB1 utilizing the selectable G418 marker in this vector. ponents behaved similarly. E-cadherin and ␤-catenin Multiple transfectants were isolated in two independent localization remained unaffected. Nevertheless, it was experiments. LKB1 expression in individual clones was evident that at least some junctional proteins were determined by Northern blotting ( Figure 7B ). Wild-type sorted to the appropriate sites to form junctions, i.e., Caco-2 cells expressed readily detectable levels of directly adjacent to the brush border, despite the ab-LKB1 in concordance with a role for the gene in spontasence of neighboring cells to support cell-to-cell adneous polarization. Different expression levels of LKB1 were observed in individual transfectants ranging from hesion. near undetectable (e.g., clone 10) to wt levels (e.g., clone albeit with delayed kinetics (e.g., after 9 days of culturing at confluency; Figure 7C , clone 10, bottom, arrowheads). 33). The latter served as a convenient control for the subsequent polarization studies ( Figure 7C) .
The remaining ability to polarize to some extent may reflect the inherent limitation of shRNA technology, No significant differences in growth characteristics were observed between the shRNA clones and the i.e., that gene knockdown is never complete. However, we cannot exclude from these experiments that the wt cell line. To further minimize the effects of potential proliferation rate differences in the polarization assay, Caco-2 cells may be able to use an alternative molecular mechanism, independent of LKB1, to eventually prothe clones were seeded at near confluency (i.e., 100,000 cells/cm 2 ) on glass cover slips and cultured for up to 14 duce some polarity. days. At various time points, the cells were fixed and stained to determine the extent of spontaneous polarizaDiscussion In this study, we demonstrate that activation of LKB1 tion. The formation of a continuous apical structure positive for actin, villin, and CD66 was taken as the criterion by the induced expression of STRAD polarizes intestinal epithelial cells in a cell-autonomous fashion. Activated for polarization. The wt Caco-2 cells, as well as control clone 33, formed a polarized epithelial sheath as deter-LKB1 induced three major aspects of epithelial polarity, i.e., the formation of an apical brush border, the positionmined by staining for actin, villin, and CD66 within 5-7 days after seeding. Clones with a strong knockdown of ing of junctional proteins surrounding this brush border, and the correct sorting of apical and basolateral plasma LKB1 (e.g., 10, 11, 25, 26) were all found to be affected in their ability to polarize. Figure 7C provides representamembrane markers. From our observations, it appears that LKB1 is a bona fide mammalian polarity gene and tive images of one of the clones (clone 10) compared to wt Caco-2 cells. In some experiments, no polarity was is thus a genuine ortholog of C. elegans Par-4 and Drosophila dLKB1. Our data further suggest that orthologs evident after prolonged cell culture ( Figure 7C, clone 10,  upper images) , whereas in other experiments the cells of the STE20-like pseudokinase STRAD could play comparable activator roles in these two model organisms. still displayed some tendency to develop foci of polarity, 
